ABSTRACT. Turner syndrome (TS) is a chronic disease related to haploinsufficiency of genes that are normally expressed in both X chromosomes in patients with female phenotype that is associated with a wide range of somatic malformations. We made detailed cytogenetic and clinical analysis of 65 patients with TS from the region of Recife, Brazil, to determine the effects of different chromosome constitutions on expression of the TS phenotype. Overall, patients with X-monosomy exhibited a tendency to have more severe phenotypes with higher morbidity, showing its importance in TS prognosis. Additionally, we found rare genetic and phenotypic abnormalities associated with this syndrome. To the best of our knowledge, this is the first case of 45,X,t(11;12)(q22;q22) described as a TS karyotype. Turner patients usually have normal intelligence; however, moderate to severe levels of mental retardation were found in 5 TS cases, which is considerate a very uncommon feature in this syndrome.
INTRODUCTION
Turner syndrome (TS) is one of the most common chromosomal disorders, characterized by the absence or abnormality of one sex chromosome either in all or some cells. This genetic disorder is caused by haploinsufficiency of genes normally expressed in both X chromosomes, which are involved in the physical development and maintenance of ovarian function in patients with female phenotype, affecting approximately 1/2500 live-born girls (Stochholm et al., 2006) .
According to cytogenetic reports, chromosome monosomy (45,X) is found in 50-60% of cases. Other karyotypes with structural changes in the X chromosome are present in approximately 30% of cases, including isochromosome of the long arm, deletion of the short arm or ring chromosomes, either in homogeneous karyotypes or in mosaics with a 45,X cell line (Oliveira et al., 2009; Djordjević et al., 2010; Elleuch et al., 2010) . Patients with TS may also have a second cell line with a normal or abnormal Y chromosome in 5 to 6% of cases (Gravholt, 2005) . On the other hand, few cases exhibit complex karyotypes, which may include the formation of derivatives of the X chromosome (Binkert et al., 2010; Burégio-Frota et al., 2010) .
The clinical profile of TS is evidenced by short stature and gonadal dysgenesis, leading to delayed pubertal development, primary amenorrhea and sterility. Furthermore, a variety of dysmorphic features may be present, such as lymphedema of hands and feet, short and/or webbed neck, cubitus valgus, low posterior hairline, low-set ears, widely spaced nipples, ogival palate, ptosis, epicanthal folds, and hypoplasia of the fourth or fifth metacarpal and metatarsal bones (Sybert and McCauley, 2004; Hjerrild et al., 2008) . In addition, this syndrome may involve various malformations, especially in the heart (most commonly coarctation of the aorta) and the kidneys, besides hearing impairment, hypertension, thyroid disease, and obesity (Bondy, 2009; Davenport, 2010) .
In view of the importance of establishing genotypic and phenotypic correlations for appropriate management of TS patients, this study reports a detailed cytogenetic and clinical analysis of patients with Turner syndrome to provide new information on the developmental effects of different chromosome constitutions and their role in the expression of TS phenotype. Additionally, this study reports on the rare genetic and phenotypic abnormalities associated with this syndrome. 
MATERIAL AND METHODS

From
RESULTS
The karyotype distribution of 65 TS patients is shown in Table 1 . The most common was the monosomic karyotype (61.5%). Structural changes in the X chromosome together with mosaicism were observed in 24.5% and mosaic karyotypes without structural anomalies, which also included the Y chromosome, were found in 7.5% of the patients. Isochromosome Xq was the most frequent structural change observed in 23.1% in either mosaics (45,X cell line) or in homogeneous karyotypes. The age of TS patients at the moment of diagnosis ranged from newborn to 35 years old, but in most cases TS was diagnosed at the age of puberty or beyond (9-18 years old). In general, TS was confirmed early in patients with X-monosomy, where in almost 40% of these cases, the karyotype was established before the age of two (Table 2 ). However, in most patients with mosaicism and/or X structural changes (77.3%), cytogenetic analyses were not done until the age of puberty.
Webbed neck (92.31%), lymphedema of hands and feet (84.62%), congenital heart disease (61.53%) and nail hypoplasia (53.85%) were the main clinical features that led to cytogenetic analyses before the age of two in 45,X patients. Our results demonstrated that at birth these were the predominant phenotypic determinants of this syndrome.
In 89.3% of all cases, short stature was the most frequent phenotypic characteristic. This growth failure was more frequent among patients with monosomy as compared to those who showed mosaicism (Figure 1 ), but this difference was not statistically significant (P = 0.486). Another important clinical feature was gonadal dysgenesis with delayed pubertal and primary amenorrhea, which was observed in 84.8% of TS patients at pubertal age. This clinical disorder was observed in all patients with mosaicism in contrast to carriers of X-monosomy (Figure 1 ), with the difference being statistically significant (P < 0.001). Congenital heart disease, another important TS-related clinical factor, was found in 17.9% of cases, where it was significantly more frequent in monosomic karyotypes ( Figure 1 ) (P = 0.007). Autoimmune diseases such as Hashimoto's thyroiditis (12.5%) and renal malformations (8.93%) were also observed in the subjects.
Although TS patients may have nonverbal learning disabilities, average intellectual per-formance is usually normal. Nevertheless, we found moderate and severe mental retardation in 2 and 3 of 65 TS patients (7.7%), respectively. The karyotypes associated with this rare stigma included 45,X (three cases), 45,X,t(11;12)(q22;q22) (one case) and 46,X,i(Xq)/45,X (one case). Several dysmorphic features were observed, such as widely spaced nipples, epicanthal folds, shortening of the metacarpal bones and high arched palate. The most common phenotype of all TS patients was short and webbed neck (44.6%), hypoplastic nails (37.5%), low posterior hairline (19.6%), and cubitus valgus (21.4%), with the latter being more common in patients with mosaicism ( Figure 1) . However, only short and webbed neck (P < 0.001) and cubitus valgus (P = 0.0002) showed statistically significant differences between mosaics and 45,X cases.
We also found one TS patient with unusual cytogenetic constitution displaying the following karyotype: 45,X,t(11;12)(q22;q22) [20] . Clinical examination at the age of 33 showed short stature, short and webbed neck, low posterior hairline, primary amenorrhea and mental retardation; she neither knew her age nor recognized colors. Karyotype analysis of the parents was not possible.
DISCUSSION
Turner syndrome is a chronic disease associated with a wide range of malformations with varying frequencies, which are mainly related to the type of X chromosome rearrangement. Our cytogenetic analyses of 65 TS patients corroborated, in general, previously reported data (Held et al., 1992; Schoemaker et al., 2008; Djordjević et al., 2010; Elleuch et al., 2010) . However, our patient sample had only one case (1.5%) of mosaicism with a normal cell line (46,XX), which is significantly lower than frequencies described in the literature (8 to 17%). Although reports of TS patients with X duplications and balanced translocation are very rare, we found two of these karyotypes displaying these uncommon chromosomal rearrangements.
The case of X-duplication (Table 1) previously reported by our research group (Burégio-Frota et al., 2010) showed classical TS stigmata associated with the karyotype 46,X,inv dup(X)(pter→q22::q22→pter)/45,X. Partial X-chromosome duplications are relatively infrequent and occur predominantly in men, where they are associated with multiple congenital abnormalities (Cheng et al., 2005) . Few cases of dup(Xq) have been described in females, and the abnormal phenotype usually includes short stature, developmental delay, hypogonadism and other dysmorphic anomalies. As a consequence of selection against cells with abnormal X in carrier females, most dup(Xq) are inactivated, and females appear phenotypically normal (Armstrong et al., 2003; Stankiewicz et al., 2005) . In our dup(Xq) case, we believe that the clinical data observed in this patient were probably due to the 45,X cell line. Balanced translocations are rare chromosome rearrangements and seldom found in TS. To the best of our knowledge, this is the first case of TS describing a balanced translocation involving chromosomes 11 and 12, karyotype 45,X,t(11;12)(q22;q22). To date, only seven cases of balanced translocations in 45,X cell line have been reported. Using high resolution banding, Ozkul et al. (2002) found a TS infant with the karyotype 45X,t(1;2)(q41;p16), and one case of TS with familial balanced translocation t(1;2)(q32;q21)mat was described by Kondo et al. (1979) . Four other studies reported an association of X-monosomy with balanced Robertsonian translocation t(13;14) (Laszlo et al., 1984; Salamanca et al., 1985; Krajinovic et al., 1994; Silva et al., 2006) . Recently, Djordjević et al. (2010) showed a case of 45,X,t(1;9) (cen;cen) in combination with a r(X) mosaic karyotype.
Usually, balanced chromosomal translocations do not exhibit any phenotypic abnormalities. However, their carriers may have increased reproductive risk, with spontaneous abortions. In our case, the patient had a typical 45,X lineage TS phenotype. Since the X-monosomy is related to normal intelligence, we suggest that the t(11;12) could be responsible for the mental disability in this patient. Mutations in several genes have been associated with mental retardation (Kalscheuer et al., 2009; Vandeweyer and Kooy, 2009 ), but in our case it may have been the loss of genetic information by the translocation process that may have caused mental disability.
Short stature is considered the most common feature, which affects over 90% of recognized patients (Bondy, 2009; Oliveira et al., 2009; Davenport, 2010) . This growth failure was indeed the most consistent phenotypic characteristic in our study, regardless of their karyotype. In two patients, only this phenotype led us to test for TS, pointing to the importance of correlating age with anomalous height and confirming TS in girls with growth failure. Short stature and other skeletal abnormalities seen in TS occur due to haploinsufficiency of the SHOX gene, which is located at Xp22 and Yp11.3, in the pseudoau tosomal region of the sex chromosomes (Ogata et al., 2002) .
Gonadal dysgenesis was the second most important TS stigma found in this study. This occurs in most TS individuals and is mainly caused by the haploinsufficiency of genes located on the long arm of the X chromosome, Xq26 (POF1) and Xq13-21 (POF2), which are involved in the maintenance of the ovaries. In contrast, a deletion of the distal short arm is usually compatible with normal ovarian function (Davison et al., 2000; Pienkowski et al., 2008) . Even though most genes of ovarian function remain active in the i(Xq), all patients with this chromosome rearrangement exhibited gonadal disorders, which might have been attributed to hidden or gonad-confined mosaicism.
Congenital cardiovascular defects are the most life-threatening medical problem faced by TS patients and are found in 25 to 50% of them (Morgan, 2007; Bondy, 2009) . Adults with TS have a 4-to 5-fold increased rate of premature mortality, which is attributed mainly to complications of congenital heart disease (Stochholm et al., 2006; Schoemaker et al., 2008) . There was a significantly higher incidence of congenital heart disease in monosomic karyotypes (24.2%) compared with mosaics (8.7%), showing the association of the more severe phenotype with a 45,X cell line. In contrast, Tan and Yeo (2009) examined the frequency of congenital cardiac defects in TS patients from Singapore and found no statistical difference between monosomic and different structural mosaics.
Turner patients usually have normal intelligence, but may have difficulty with nonverbal, social, and psychomotor skills (Morgan, 2007) . However, in few cases there may be mental retardation with severe congenital malformations associated with tiny ring X chromosome. This unusual clinical presentation is related to the deficiency in inactivating this tiny r(X) due to the absence of the X-inactivation center, causing the disomy of several genes, which alters the dosage compensation mechanism. The preferably inactivated r(X) is therefore associated with normal intelligence (El Abd et al., 1999; Suzigan et al., 2005) . Thus, the mental retardation observed in 5 TS cases in our study was a very uncommon feature, since their karyotype did not show the tiny r(X). Mental retardation could be related to this additional rearrangement only in one of the 5 patients who had an additional chromosomal change t(11q;12q). The other 4 cases remain unexplained.
The genetic and phenotypic correlation of dysmorphic features, autoimmune diseases and renal malformations proved to be inconsistent, since most of these clinical data did not show statistical differences between monosomic and mosaic TS patients. The TS phenotype is attributed to haploinsufficiency of genes that are normally expressed in both the active and inactive X-chromosomes. However, some reports indicate that other factors, not yet fully elucidated, may influence phenotypic expression, including hidden mosaicism, genomic imprinting or anomalous X inactivation, leading to difficulties in diagnosis and genetic counseling (Araújo and Ramos, 2008; Oliveira et al., 2009 ).
In conclusion, the patients with 45,X karyotype exhibited a tendency to have more severe phenotypes than those with mosaicism. Thus, our study confirms the association of higher morbidity with X-monosomy, showing that this karyotype plays an important role in the prognosis of Turner syndrome. Additionally, the presence of mental retardation in five of our patients associated with classical TS phenotype indicates that this mental disability could be an additional rare feature associated with TS and should be considered more carefully by physicians.
